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Abstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296 S217deﬁned as persistent knee pain (joint level), and as progression of WOMAC
pain and function score (participant level) during ﬁve-year follow-up.
Persistent pain outcome was deﬁned as knee pain during examination of
joint motion at four-year and ﬁve-year follow-up (T4y and T5y). For these
predictive analyses participants with at least a painful knee were included
(n¼1060 knees). Progression of WOMAC (Western Ontario & McMaster
Universities index) pain and function scores from ‘baseline’ (mean of T0
and one-year follow-up (T1y)) to ‘follow-up’ (mean of T4y and T5y) was
classiﬁed using a quintile approach described by Sharma et al. For
predictive analyses of ‘poor’ WOMAC pain and function outcome, partici-
pants with only painful knees were included (n¼286 and n¼279 respec-
tively; painful hip or hip K&LII excluded). At T0 radiographic
characteristics were determined by Knee Images Digital Analysis (KIDA),
providing quantitative measurements of joint space width (JSW:
minimum, medial, and lateral), varus angle, osteophyte area (mean of tibia
and femur), eminence height, and subchondral bone density (mean of tibia
and femur). Radiographic damage was also evaluated by K&L grading.
Logistic regression analyses were performed to evaluate which radio-
graphic characteristics, in addition to basic demographic and clinical
characteristics, at T0 were predictive of ‘poor’ (radiographic or clinical) OA
outcome.
Results: In this early OA cohort 19% had ‘poor’ radiographic outcome, and
48%, 54%, and 56% had ‘poor’ clinical outcome (persistent pain, WOMAC
pain, and WOMAC function) at T5y. The prediction at baseline of ‘poor’
radiographic outcome ﬁve years later improved signiﬁcantly by measuring
osteophyte area (odds ratio (OR) ¼7.0) and minimum JSW (OR¼0.7) at T0,
in addition to demographic and clinical characteristics (area under curve
(AUC)¼0.74 vs. 0.64 without radiographic features). Evaluating separate
quantitative features performed slightly better than K&L grading
(AUC¼0.70). By calculating a predictive score of the KIDA model (based on
multivariate regression coefﬁcients) and by determining a cut-off for
optimal speciﬁcity, individuals could be selected with a chance of incident
radiographic OA of 54% instead of the prior probability of 19%. Radio-
graphic characteristics hardly added to prediction of ‘poor’ clinical OA
outcome.
Conclusions: In individuals with onset knee pain, separate quantitative
radiographic features added to the prediction of radiographic OA incidence
ﬁve years later. Although the prediction models can not be used for indi-
vidual decision making (yet), quantitative measurement of radiographic
features in individuals suspected for OA might be valuable in identifying
individuals at high risk of developing radiographic osteoarthritis, which is
worthwhile when designing clinical trials.
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REDUCTION IN SYNOVIAL TISSUE VOLUME FOLLOWING INTRA-
ARTICULAR STEROID INJECTION IN KNEE OSTEOARTHRITIS
T.W. O'Neill 1, L.M. Forsythe 1, M.J. Parkes 1, E. Marjanovic 1, A. Gait 1,
C.E. Hutchinson 2, T.F. Cootes 1, D.T. Felson 1. 1Univ. of Manchester,
Manchester, United Kingdom; 2Univ. of Warwick, Coventry, United Kingdom
Background: Synovitis is a well recognised ﬁnding in Knee Osteoarthritis.
It can be identiﬁed on Magnetic Resonance Imaging (MRI) as synovial
thickening, although injection of contrast material is required to distin-
guish synovial tissue from synovial ﬂuid. The aim of this analysis was to
determine, using a novel method which separates ﬂuid from tissue,
whether synovial tissue volume as assessed using gadolinium (Gd)
enhanced MRI imaging is sensitive to the effect of intra-articular steroid
therapy.
Methods:Men and women aged 40 years and older with painful knee OA,
and who met ACR criteria for the disease, were recruited for participation
in an ongoing open label clinical trial of intra-articular steroid therapy.
Subjects who took part in the study had signiﬁcant knee pain and grade 2
or higher knee OA. They had a baseline Gd enhanced MRI immediately
prior to having an intra-articular steroid injection with a repeat Gd-
enhanced MRI scan at follow up usually within a 2 week period. To assess
synovial tissue volume, sagittal (T1W Fat Suppressed images: TR 500ms,
TE 17ms; FoV 15.9 x 15.9cm; slice thickness 3mm) scans were obtained.
Manual segmentation of the synovial tissue layer was performed on the
post contrast knee image by a single observer. Using computer image
analysis we excluded cartilage within the segmented space, bythresholding in the associated sagittal (3DWATSc: TR 20ms, TE 7.7ms, FoV
15cm, 288x288) scan. The rest of the segmented space is assumed to be
a mixture of ﬂuid and synovial tissue. We calculated the proportion of
synovial tissue in every voxel using P¼ (I - mf) / (ms -mf) truncated to [0,1],
where I is the voxel intensity and mf, ms are the means of the intensity
distributions of ﬂuid and synovial tissue volume respectively. Test-retest
reliability for assessment of synovial tissue volume was performed by
a single observer segmenting 5 MRI images (5 knees) randomly selected
from the two scanning visits. Reliability was excellent (ICC ¼ 0.96; 95% CI
0.88 to 1.03). The Bland-Altman 95% limits of agreement assuming a zero-
difference mean (no change in volume) were -663mm3 to +663mm3.
Results: We analysed data from an unselected series of 17 participants.
Their median age was 64.0 years (IQR 56.0 years to 75.0 years), and 9 were
female (52.9%). The median time between baseline and follow up scanwas
9 days (IQR 7 to 11 days; range 7 to 15 days) . The mean synovial tissue
volume at baseline was 9,002mm3 (SD 5,151mm3), and at follow up was
5,819mm3 (SD 2,886mm3) ; mean difference -3,183mm3 (95% CI
-5,273mm3 to -1,093mm3). Most subjects (15 individuals, 88.2%) had
a reduction in synovial tissue volume. 13 (76.5%) subjects had a change in
synovial tissue volume greater than Bland Altman measurement error
limits; two with higher, and 11 with lower volume than at baseline.
Conclusion: Synovial tissue volume in knee osteoarthritis, assessed with
Gd-enhanced MRI using a novel method that permits separation of tissue
from ﬂuid, changes in response to intra-articular steroid injection.
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QUANTITATIVE BONE MARROW LESION CHANGES RELATE TO
CARTILAGE PARAMETER CHANGES
J.B. Driban 1, J. Pang 2, E. Miller 2, G. Destenaves 1, G.H. Lo 3, R.J. Ward 1,
T.E. McAlindon 1. 1 Tufts Med. Ctr., Boston, MA, USA; 2Dept. of Electrical
and Computer Engineering, Tufts Univ., Medford, MA, USA; 3 Section of
Immunology, Allergy, and Rheumatology, Michael E. DeBakey VAMC, and
Baylor Coll. of Med., Houston, TX, USA
Purpose:Previous research has demonstrated that bone marrow lesions
(BMLs), common magnetic resonance (MR) imaging ﬁndings in osteoar-
thritis (OA), are related to cartilage integrity. Only one study has longitu-
dinally evaluated quantitative 3-dimensional assessments of BML size and
quantitative cartilage morphometry but it did not detect a relationship
between changes in BML size and cartilage morphometry. That study,
however, was a secondary analysis of a clinical trial and used an approx-
imate measure of BML size. The purpose of this study was to assess the
relationship between quantitative 3-dimensional assessments of BML
volume and quantitative cartilage morphometry in a cohort from the
Osteoarthritis Initiative (OAI).
Methods: Knees were selected from the OAI among 732 knees with
cartilage segmentation results at baseline and the 24-month visit (data
sets: kmri_qcart_eckstein00 [version 0.4], kmri_qcart_eckstein03 [version
3.3]). Only knees with cartilage denudation (dAB) on the tibia and femur in
the index compartment (deﬁned as the tibiofemoral compartment with
greater dAB) were selected (n ¼ 196). Denuded area was assessed on the
medial tibia, lateral tibia, central medial femur, and central lateral femur.
The ﬁnal set of 40 knees was selected to include 20 knees with a lateral
tibiofemoral index compartment and 20 knees with a medial tibiofemoral
index compartment. Among the 20 knees with medial or lateral index
compartments, knees were selected that had the least change in femur
dAB (n ¼ 5), greatest change in femur dAB (n ¼ 5), the least change in tibia
dAB (n ¼ 5), and greatest change in tibia dAB (n ¼ 5). These selection
criteria were intended to provide a diverse range of dAB change. BML
volume was determined on sagittal intermediate-weighted, turbo spin
echo, fat-suppressed MR images by one rater using a semi-automated
segmentation method (ICC [3,1 model] ¼ 0.79 to >0.99). Change over 2
years was calculated as follow-up minus baseline. Pearson correlation
coefﬁcients were performed to assess the relationship between 2-year
BML volume change and 2-year cartilage morphometry change (cartilage
thickness and dAB). Potential outliers were explored based on a 95%
prediction ellipse. All analyses were limited to the index compartment.
Results:Only 38 knees were evaluated because one knee had poor image
quality and another was classiﬁed as having collapse post avascular
necrosis in the index femur. The cohort was 25 (66%) females, 36 (95%)
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was on average 61  8 years of age, as well as 29.9  5.3 kg/m2 body mass
index. Central femur dAB change was 11.2 17.3 % of subchondral area and
tibia dAB change was 7.6  11.6%. Central femur cartilage thickness change
was -0.24  0.32 mm and tibia articular cartilage thickness change was
-0.14  0.20 mm. Femur BML volume change was 273  1239 mm3 and
tibia BML volume change was 51  1354 mm3. Tibia BML volume change
had a positive relationship to tibia dAB change (see Table). One statistical
outlier was identiﬁed in the tibia (tibia BML volume change ¼ -5824 mm3,
tibia dAB change ¼ 3.7% subchondral area, femur dAB change ¼ -5.8%
subchondral area) and veriﬁed on visual inspection by an independent
investigator that did not perform the measurements. With this outlier
omitted a signiﬁcant negative association was detected between tibia BML
volume change and tibia cartilage thickness change (r ¼ -0.34, p ¼ 0.04) as
well as tibia BML volume change and tibia dAB change (r ¼ 0.42, p ¼ 0.01).
There were no signiﬁcant associations detected with femur BML volume.
Conclusion: Among participants with knee OA an increase in tibia BML
volume is associated with longitudinal tibia cartilage loss. Signiﬁcant
associations in the tibia and not the femur may be a result of the entire
tibia cartilage being assessed while only the weight-bearing region of the
femur was evaluated (omitting the patellofemoral region).Table. Within and Between Region Pearson Coefﬁcients among BML Size Change
and Cartilage Morphometry Change in the Index Compartment Over 2 Years
Femur BML
Volume:
Change
(n ¼ 38)
Tibia BML
Volume:
Change
(n ¼ 38)
Central Femur Cartilage Thickness: Change -0.24 -0.22
Central Femur Denuded Area: Change 0.14 0.28
Tibia Cartilage Thickness: Change -0.10 -0.28
Tibia Denuded Area: Change 0.09 0.33*
* p < .05432
PREDICTING PATIENT ORIENTATION FROM AP PELVIC RADIOGRAPHS -
METHODOLOGY AND FEASIBILITY STUDY
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Oxford, United Kingdom; 2Univ. of California, San Francisco, CA, USA
Purpose: There is growing body of evidence that hip morphology is impor-
tant in the aetiopathology of hip osteoarthritis. While radiographs are used
formeasurements of hipmorphology, poor patient positioning can adversely
affect the morphological measurements. Hence a means of accurately esti-
mating the patient's position would be an invaluable tool to determine the
reliability of the given image and to correct for any position-induced error.
Methods: We present a hierarchical modelling strategy to predict tilt and
rotation from AP pelvic radiographs:
1. At the radiograph-level, analytical functions of tilt and rotation
have been derived from a simpliﬁed model of the radiographic
imaging process. These functions express tilt and rotation in
terms of both morphological measurements from the radio-
graph (seeﬁgure 1), and unknownmodel parameters that relate
to pelvis shape and size.
2. At the person-level, these unknown parameters are expressed
in terms of potential predictors of pelvic shape and size, such as
gender, height and build-related variables (only gender is
included in this work).
To implement this approach, we propose building the models using
measurements from digitally reconstructed radiographs (DRRs), which are
produced by projecting virtual X-rays through a CT volume. Radiographs of
known tilt and rotation can be produced by manipulating the orientation
of the CT volume relative to the projected rays.
As a proof of concept, in-house software was used to generate DRRs from 6
pelvic CT scans (4 male, 2 female) (see ﬁgure 1); for each pelvis, 15 tilts
(range ¼  20 degrees) and 15 rotations (range ¼  20 degrees) weresimulated, giving a sample size of 90 radiographs each for the tilt and
rotation models. All radiographs were read for the necessary morpholog-
ical measurements by one of the authors (DH).
Due to their hierarchical nature the models would ideally be built as linear
mixed effectsmodels. However, sample size constraintsmeant that standard
linear models with cluster robust standard errors were employed instead.
Results: Both models provide an excellent ﬁt of the data, with R2 values of
0.99 reported for both the tilt and rotation models. The mean  standard
deviation of the residuals are -0.18  2.00 degrees for tilt and -0.46  1.77
degrees for rotation. Plots of true versus ﬁtted angles for tilt and rotation
are shown in ﬁgures 2 and 3. Given the small sample size, the risk of
overﬁtting is acknowledged, and more data is required to provide a fairer
estimate of model accuracy.
At the person level, gender was shown to have a small but signiﬁcant effect
in the tilt model (p¼0.02), but not the rotation model. A larger sample size
would enable investigation of which, if any, predictors of pelvis shape
should be included.
Conclusion: A novel method of predicting pelvis tilt and rotation from AP
radiographs has been presented, and its feasibility has been assessed. The
high accuracy of the ﬁtted models lends strong support to the potential of
the approach, and conﬁrms the validity of the underlying analytical
models of tilt and rotation. Future work will investigate of the effect of
patient orientation on morphological measures of interest, with the ulti-
mate goal of estimating and reducing position-induced error.
Figure 1. A digitally reconstructed radiograph, showing the features used to predict
orientation (soft tissue removed for clarity); obturator foramen widths (x1 and x2),
used to predict rotation; distance between pubic symphysis and the midpoint between
the sacroiliac joints (y), used to predict tilt; distance between femoral head centres (z),
used as a measure of pelvis size in both models.
Figure 2. Predicted versus true tilt for the 6 pelvises under study.Ă
